Received for publication 12 September 1980 In this report the size and distribution per crypt of the PCFS population in the mouse was determined. The level and distribution of 3HTdR uptake under normal as well as stressed (fasted-refed) conditions was studied, with special emphasis being placed on the detailed comparison of the behaviour of the PCFS and the epithelium. Methods Eleven 12 week old male DBA/2J mice were used in these experiments. They were fed standard diet (PMD) (Oakes of Congleton, Cheshire); given tap water; and housed, treated, and killed in groups of four. During starvation wood shavings were replaced with Sorbitex-375 (Savilles Hydrological Corpn. London), an inedible absorbent bedding, and tap water continued to be supplied ad libitum. Twenty-five ,uCi doses of 3HTdR (Amersham), (specific activity SCi/mM), were administered intraperitoneally. 
1 13 % respectively above these values 24 hours after 3HTdR administration. Labelling is observed at all crypt levels equally, and no evidence of vertical migration of labelled PCFS cells was found. Colonic epithelial and PCFS cells show a similar pattern of response to feeding after a fast of 72 hours with respect to time, but a different distribution of response in terms of crypt position.
The kinetics of the epithelial cells of the gastrointestinal tract have been the subject of exhaustive study for over 30 years.1-8 The underlying connective tissue has received comparatively little attention. The lamina propria contains a mixture of mesenchymal (large haematopoietic-derived) cell types.9
Fibroblasts have been noted to be common in the zone immediately subjacent to the epithelium.910
Pascal and his colleagues'1 namg... . this distinct and highly organised system of fibroblasts, collagen and mucopolysaccharide ground substance ... the "pericryptal fibroblast sheath" (PCFS)'.
Although the ultrastructural features of the PCFS have been described in several tissues and species12-'4, no estimate of the size of the PCFS population has been made. Only scanty information exists on the distribution of PCFS cells around the crypt.51 '6 Uptake of tritiated thymidine (3HTdR) by the cells of the PCFS has been demonstrated."13 [16] [17] [18] These reports all suggested proliferative activity in the PCFS as illustrated by increases in labelling index (LI) and grain dilution with time. This was despite the consistent failure to detect compatible levels of mitotic activity," 15 (Marsh, personal communication 
Results
The PCFS forms a virtually complete layer around the small intestinal and colonic crypt (Fig. 1) . The total size of the PCFS population was determined in both the small intestine and colon by identifying fibroblast sheath cells by their nucleus in one section, and following each nucleus in consecutive sections until it disappeared. In this way the PCFS was counted in serial sections cut through the crypt longitudinally at 2 ,m, or transversely, at 7 ,m (Table 1) . Although relatively small numbers of crypts were analysed by these techniques the distribution of cells around the crypt was found to be similar in both tissues (Table 2) , there being a slight preponderance of PCFS cells around the lower two-thirds of the crypt. The number of epithelial (7) 123 (6) The numbers in parentheses indicate the number of crypts (all taken from one mouse) scored using each method. The change in labelling index with time after a single injection of 3HTdR is presented in Table 3 . The PCFS LI rose from an initial level of 8.9 % to a peak of 13.3 % at 24 hours in the small intestine; an increase of 49 %. In the colon the initial LI of 7.0 % rose to a peak of 14.9 % at 24 hours, an increase of 113%. The LI at all three crypt levels was similar and no suggestion of vertical migration of labelled PCFS cells could be found. Very few mitoses in the PCFS were seen. In a separate experiment only 10 PCFS mitoses were found along 6400 crypt sidesthat is, about 19000 PCFS cells (the tissues studied were small intestine, caecum, and colon).
Seventy-two hours' starvation produced a marked decline in LI in both the PCFS and epithelial cells of the colon (Fig. 2a) . The LI of both cell populations responded rapidly to refeeding, reaching peaks at around 16 hours after refeeding. Vincristine sulphate was used in a separate experiment to accumulate mitoses during the period after refeeding. A surge in mitotic activity was noted in the epithelium and in the lamina propria, but not in the PCFS, 13.5 to 15.5 hours after refeeding. This coincided with an increase in the number of epithelial cells per crypt side (Fig. 2b) . The response in LI after refeeding was confined to the epithelial cells in the bottom third of the crypt, and to the PCFS around the lower two-thirds.
Tablel3 Change in PCFS labelling index (LI) with time after single intraperitoneal injection of3HTdR PCFS labelling index (5%) Data are presented for the crypt as a whole, and also for each of the three crypt levels separately; and are expressed in terms of a mean±SE of data from four animals. The labelling indices for each crypt third and for the PCFS as a whole were computed separately and because of the uneven distribution in PCFS cells, the total LI will only approximately equal the average of the three crypt regions. 
Discussion
The population size data presented here are the first such estimates to be produced for the PCFS. The d.istribution of PCFS cells around the murine small intestinal and colonic crypt is similar to that reported for the human rectal15 and the rat colonic16 PCFS.
The ratio of epithelial cells to fibroblasts was reported to increase with position up the rabbit colonic crypt'1 indicating fewer PCFS cells around the upper crypt third. The ratios reported (of 54:1 and 70:1 for the lower and upper third of the crypt respectively) were 10 times higher than those reported here for the murine PCFS.
Labelling of cells in the lamina propria by 3HTdR has been noted previously.2 22-27 Subepithelial fibroblasts in the rabbit gall bladder were noted to label with 3HTdR.25 Studies concerning the uptake of 3HTdR by cells of the PCFS have been conducted in several tissues in different species. Early reports suggested that labelling was initially confined to the lower levels of the PCFS1" 13 17 but this was found not to be the case in the human rectal'5 and rat colonic"' PCFS, nor could an uneven distribution of PCFS labelling be confirmed in this study in either the small intestine or colon.
The labelling index found in these experiments (of about 7 %) was higher than those reported in the murine jejunal subepithelial fibroblast sheath (where the subepithelial fibroblast layer in the villus has been included)'8 and in the rat colonic PCFS'8, but comparable with that of the human rectal PCFS.15
The time of peak labelling (24 hours) was the same as that found in the rabbit jejunal13 and rat colonic"' PCFS, but earlier than that previously reported in the mouse jejunum.18
The increase in LI between the initial level and peak level agrees with observations in the rat colon"' and is in contrast with previous data in the mouse jejunum.'8 This increase, which is subject to large errors, suggests only a low level of proliferative activity. This moderate increase in LI over the first 24 hours after 3HTdR uptake can be attributed to several possible causes: (1) There was no surge in mitotic activity in the PCFS even after the burst in DNA-synthetic activity after refeeding. Increased mitotic activity did occur in the lamina propria and epithelium, and this coincided with an increase in crypt size. Crypt size has previously been reported both to decline during starvation29 and not to decline.30 In summary, the PCFS shows significant levels of 3HTdR incorporation, which is evenly distributed along the crypt. Mitotic activity compatible with such 3HTdR incorporation was not observed. No vertical migration of labelled PCFS cells could be found and the distribution along the crypt of response labelling of the PCFS to refeeding differed from that of the adjacent epithelial cells, although the timing of response was similar. These results indicate that the proposed translocation of epithelialmesenchymal units"1'3 34 does not occur, despite the harmony of epithelial cells and PCFS response on a whole-crypt basis.
